Response of Phragmites australis to Black Plastic Treatment by Willcox, Jeremy D
University of Connecticut
OpenCommons@UConn
Master's Theses University of Connecticut Graduate School
5-29-2013
Response of Phragmites australis to Black Plastic
Treatment
Jeremy D. Willcox
University of Connecticut - Storrs, jeremy.willcox@uconn.edu
This work is brought to you for free and open access by the University of Connecticut Graduate School at OpenCommons@UConn. It has been
accepted for inclusion in Master's Theses by an authorized administrator of OpenCommons@UConn. For more information, please contact
opencommons@uconn.edu.
Recommended Citation
Willcox, Jeremy D., "Response of Phragmites australis to Black Plastic Treatment" (2013). Master's Theses. 444.
https://opencommons.uconn.edu/gs_theses/444
i 
 
 
Response of Phragmites australis to Black Plastic Treatment 
 
 
 
 
 
Jeremy D. Willcox 
 
B.S., Eastern Connecticut State University, 2011 
 
 
 
 
 
 
A Thesis 
Submitted in Partial Fulfillment of the 
Requirements of the degree of 
Master of Science 
at the 
University of Connecticut 
2013 
 
 
ii 
 
APPROVAL PAGE 
 
Master of Science Thesis 
 
Response of Phragmites australis to Black Plastic Treatment 
 
Presented by 
Jeremy D. Willcox, B.S. 
 
 
Major Advisor __________________________________________ 
John C. Clausen 
 
Associate Advisor __________________________________________ 
John Volin 
 
Associate Advisor __________________________________________ 
Glenn Warner 
 
 
 
University of Connecticut 
2013 
iii 
 
ACKNOWLEDGEMENTS 
 
 First, I would like to express my gratitude to my advisor Dr. John Clausen for such a 
wonderful opportunity to expand my career through this entire experience.  It is because of his 
guidance, knowledge, and support this thesis was completed. 
 I would like to thank my committee members John Volin and Glenn Warner, their input 
into this project was essential to its completion. 
 Many thanks go out to E.O. Smith High School students and William Throne.  William 
Throne made it very pleasant to work with numerous students for both sampling and laboratory 
purposes.  The students always made for an exciting time. 
 I would like to thank Bruce Gregoire for all he completed in the beginning stages of this 
project, without his initial progress in sampling and establishing the field site, the timetable I had 
to complete this thesis would not have been possible.  Thank you to David Rosa and Hillary 
Kenyon for their help both in sampling and in laboratory work.   
 Finally, I would like to thank my family and my fiancée Liz for their support during this 
entire process. 
 
iv 
 
TABLE OF CONTENTS 
LIST OF TABLES vi 
LIST OF FIGURES vii 
 
ABSTRACT 1 
 
LITERATURE REVIEW 2 
Introduction 2 
Distribution and Growth of Phragmites 3 
Distribution 3 
Growth 4 
Reasons for Phragmites Invasion 5 
New Aggressive Genotype 5 
Wetland Disturbance  5 
Lack of Natural Biologic Control 6 
Negative Implications of Phragmites Invasion 6 
Reduction in Plant Diversity 6 
Reduction in Wildlife 7 
Hydrologic Changes 7 
Changes in Nutrient Cycling 8 
Socioeconomic Impacts 8 
Rhizome Functionality 9 
Total Non-Structural Carbohydrates 10 
TNC in Phragmites 10 
Seasonal Growth of Phragmites 12 
Spring 14 
Summer 14 
Fall 14 
Winter 15 
Methods of Control 15 
Cutting 17 
Burning 18 
Herbicides 18 
Biological 20 
Plastic Covering 21 
Clear Plastic 21 
Black Plastic 21 
Negative Implications of Plastic Covering 22 
Conclusions 23 
Literature Cited 24 
 
 
 
 
 
 
 
v 
 
TABLE OF CONTENTS (Continued) 
 
RESPONSE OF PHRAGMITES AUSTRALIS TO BLACK PLASTIC 
TREATMENT 
Abstract 30 
Introduction 31 
Methods 33 
Study Site and Experimental Design 33 
Field Measurements 35 
Laboratory Methods 35 
Statistical Analysis 37 
Results and Discussion 37 
Seasonal TNC 37 
Pre-treatment Conditions 39 
Treatment Effects 42 
     TNC 42 
     Culm Density 44 
     Culm Height 44 
Conclusions 45 
Acknowledgements 46 
References 47 
 
 
APPENDICES 
 
 
50 
 
Appendix A: 
 
Schoolhouse Brook Park, Mansfield, Connecticut, Phragmites Data 
 
 
51 
  
  
  
  
  
  
 
 
 
 
 
 
 
Page 
vi 
 
LIST OF TABLES 
LITERATURE REVIEW 
Table 1. Interpreted monthly rhizome TNC (mg g-1)  11 
Table 2. Summary of studies of control methods for Phragmites australis 16 
 
RESPONSE OF PHRAGMITES AUSTRALIS TO BLACK PLASTIC TREATMENT 
Table 1. Geometric means of culm density and TNC concentrations in 
Phragmites rhizomes by treatment and date. 
 
40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
vii 
 
LIST OF FIGURES 
LITERATURE REVIEW 
 
Figure 1. Monthly pattern of Phragmites growth and TNC concentrations 
(line) in rhizomes. 
 
 
13 
RESPONSE OF PHRAGMITES AUSTRALIS TO BLACK PLASTIC TREATMENT  
 
Figure 1. Plot locations (numbered) with depth to substrate (cm) contours. 34 
 
Figure 2. Black Plastic covering on Plot #8 (late season treatment). 
 
36 
 
Figure 3. TNC concentrations of Phragmites rhizomes for sub-samples taken 
monthly from control plot #1 from May 2012 through March 2013. 
 
38 
 
Figure 4. Pre-treatment contours of mean TNC concentrations (mg g-1) by plot 
centers (indicated by points) for March 30, 2011. 
 
 
41 
Figure 5. Mean ±SE. TNC concentrations in Phragmites rhizomes, by date and 
treatment.  Black bars indicate period of plastic cover. 
43 
 
 
 
1 
 
ABSTRACT  
 Physiological responses of Phragmites australis (Phragmites) to the covering of black 
plastic were studied from 2011 to 2013 in Schoolhouse Brook Park, Mansfield, Connecticut.  
Nine 6 x 6 m plots were randomly established as either control, early-mid season covered, or late 
season covered within a monotypic Phragmites stand.  Black plastic was applied from March to 
July 2011 and again from June to September 2012 (early-mid season).  Another treatment was in 
place from September to November 2011 (late season).  Rhizomes were sampled for their 
concentration of total non-structural carbohydrates (TNC) within each plot.  Monthly rhizome 
samples were taken from a control plot from June 2012 to March 2013 to examine seasonal 
variation.  June exhibited the lowest concentration of TNC at 68 mg g-1 dry weight and 
September the highest concentration of TNC at 285 mg g-1 dry weight.  No significant difference 
in TNC was observed among treatments until March 2013 where both the early-mid season and 
late season treatments showed a reduction in TNC compared to the control.  We suggest cutting 
Phragmites and covering with black plastic need repeated applications the following year to 
improve control and would recommend cutting in June as it is the time of most depleted rhizome 
TNC storage. 
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RESPONSE OF PHRAGMITES AUSTRALIS TO BLACK PLASTIC TREATMENT 
LITERATURE REVIEW 
 
INTRODUCTION 
 Phragmites australis (Cav.) Trin. ex Steudel (Phragmites) is a tall perennial grass, that 
tends to grow in dense monotypic stands (Ailstock et al. 2001; Haslam, 1972).   Fossil records 
indicate Phragmites presence in the Southwestern United States 40,000 years ago (Hansen, 1978) 
and peat coring’s in Connecticut reveal its existence 3,500 years ago (Orson et al. 1987). 
Paleoecological investigations indicate that Phragmites is undergoing a population explosion 
over the past 150 years making it a new component of the landscape (Orson, 1999; Salontall, 
2002).  A new Phragmites genotype native to Eurasia is now invading native types across the 
United States leading to their virtual disappearance across Southern New England (Saltonstall, 
2002). This aggressive genotype has led to numerous states long the Atlantic Coast and upper 
Midwest of the United States classifying Phragmites as invasive (Norriss et al. 2002; Meyerson 
et al. 2009).  Phragmites is able to establish itself easily in disturbed wetlands and can even 
invade those that are pristine (Saltonstall, 2002).  This plant can reduce plant species diversity 
(League, 2007; Sabine and Edwards, 1999), alter hydrology (Lathrop et al. 2003), and decrease 
the socioeconomic value of an area (U.S Fish and Wildlife Service Gulf of Maine, 2007). 
 Numerous control methods have been implemented in efforts to restrict the spread of this 
invasive species. Cutting and burning has been found to only stunt growth if cut/burned at the 
correct time; otherwise plant densities are increased (Thompson and Shay, 1985; Gusewell, 
2003; Aesada et al. 2006).  Biological control whether natural or introduced has shown little 
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evidence of being effective in the United States (Tewksbury et al. 2002).  Flooding usually used 
in conjunction with cutting has shown to be effective by starving the rhizomes of oxygen.  
Flooding is not always an option mainly due to the complexity and logistics involved (Hellings 
and Gallagher, 1992).  The most common and effective method of control is the application of 
herbicide (Ailstock et al., 2001; Avers et al. 2007; Reimer, 1976).  However, multiple 
applications of herbicide are needed (Alistock et al. 2001; Monterio et al. 1999) and certain types 
of herbicide used to kill Phragmites have lethal impacts on amphibians (Relyea, 2005) and other 
non-target plant species. 
 The objective of this review is to understand Phragmites physiology and the methods 
used to control this invasive species.  This review will emphasize current management practices, 
timing of these methods, and their effectiveness.  Emphasis will be on the use of black plastic to 
control Phragmites and indicate where research is lacking. 
DISTRIBUTION AND GROWTH OF PHRAGMITES 
Distribution 
 Considered one of the most common flowering plants in the world, Phragmites can be 
found on every continent except Antarctica (Tucker, 1990). Phragmites has the ability to grow in 
fresh, brackish, and salt water wetlands (Haslam, 1972).  The word Phragmites is derived from 
the Greek word “Phragma” meaning fence, thus accurately describing the appearance of the 
dense monotypic stands they form (Marks et al. 1994).  Phragmites is distributed throughout 
most of North America.  The Phragmites new aggressive genotype displaces native plant 
populations which classifies it as an invasive species in many states along the east coast of the 
United States (Norris et al. 2002; Meyerson et al. 2009). 
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Growth 
 Phragmites can reach heights of up to 6 m (Capotosto and Wolfe, 2007), but are typically 
between 2 - 4 m (Haslam, 1972).  It can reach plant densities of up to 300 culms / m2 (Hara et al. 
1993).  Coverage of Phragmites can be extensive; for example in Delaware approximately 
30,000 of the 90,000 total tidal wetland acres contain Phragmites (Hellings and Gallagher, 1992).   
 Phragmites seeds, once thought to be mostly non-viable (Tucker, 1990), have recently 
been found to have a higher viability than what was previously reported.  Seeds are a major 
component of Phragmites spread (Belzile et al. 2010).  McCormick et al. (2010) found an 
increase of 25 times greater Phragmites cover between 1971 and 2007 in Chesapeake Bay, 
Maryland. By matching genetics of the surrounding stands not connected by rhizomes, this cover 
increase was due primarily to the spread of seeds.  Regardless of seed viability, once established, 
rhizomes enable Phragmites to form large monocultures.   
   Rhizomes allow for the plant to expand horizontally, provide structural support, and 
enable reserve storage (Graneli et al. 1992; Weisner and Strand, 1996). Rhizomes spread 
horizontally up to 4 m a year reaching depths of up to 2 m (Haslam, 1972). Vertical rhizomes 
enable bud formation to take place for culm growth (Haslam, 1972). 
 Phragmites ability to grow in variable water depths is attributed to venturi-induced 
convection which allows oxygen to be transferred via broken shoots into the rhizomes 
(Armstrong et al. 1992).  Tulbure (2012) found Phragmites australis to have 300% higher 
ventilation efficiency per unit area in oxygenation than did native Phragmites populations.  
 Water depth causes differing physiological responses for Phragmites.  In deeper water 
fewer resources are allocated to rhizomes because of the need to grow taller culms.  Vretare et al. 
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(2001) found that Phragmites experience decreased growth and have less ability to spread in 
deeper water than in shallower water. 
REASONS FOR PHRAGMITES INVASION 
 Phragmites has become invasive in the United States due to introduction of a new 
aggressive genotype (Saltonstall, 2002), major environmental disturbances over the past 150 
years (Saltonstall, 2002; Dahl, 1990), and the lack of natural biological predators (Tewksbury et 
al. 2002).  Each of these factors will be discussed.   
New Aggressive Genotype 
 The introduction of a new genotype is believed to have caused the species to become 
more aggressive and better adapted to the climate of the United States.  Evidence has pointed to a 
dramatic change in genotypes across the United States since 1960 (Saltonstall, 2002). Native 
types are now almost absent from New England and considered threatened in other parts of the 
United States (Saltonstall, 2002).  It appears these new genotypes prefer disturbed habitat which 
has facilitated their spread in the United States. 
Wetland Disturbance 
 Phragmites can laterally spread up to 20% annually (Windham and Lathrop, 1999). Plants 
are more susceptible to spread in ecologically disturbed areas altered by vegetation removal, 
hydrological changes, dredging, or increased sedimentation (Roman et al. 1984).  Disturbing 
freshwater wetlands and altering tidal regimes to the point where 53% of wetlands have been 
either destroyed or disturbed in the United States (Dahl, 1990) has facilitated the spread of 
Phragmites.  Based upon the extent of current populations and fossil records of ground sloth 
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dung in the United States, the conclusion has been made that a population explosion of 
Phragmites is occurring (Orson, 1987; Chambers et al. 1999).  The population growth of 
Phragmites new aggressive genotype also can be correlated with the disturbance associated with 
development of America’s highway system, along with residential and industrial areas 
(Saltonstall, 2002).      
Lack of Natural Biological Control 
 In the United States there are only 26 herbivores that feed on Phragmites.  By 
comparison, Europe has 170 herbivores that feed on these plants (Tewksbury et al. 2002).  In 
Southern New England and the mid-Atlantic United States, a stem boring moth (Rhizedra iutosa) 
has recently been identified that has been destructive to Phragmites in Europe.  This moth lays 
eggs during the fall in dead culms.  In spring these eggs hatch and eventually the larvae will bore 
their way into the rhizomes causing plant death to occur. However, R. iutosa has a small U.S. 
population, considered not high enough to significantly reduce Phragmites spread (Casagrande et 
al. 2003).  For biological control of Phragmites, introduction of new species or increasing one 
that is present (e.g. R. iutosa) would be necessary (Tewksbury et al. 2002; Casagrande et al. 
2003).       
NEGATIVE IMPLICATIONS OF PHRAGMITES INVASION 
Reduction in Plant Diversity 
 The presence of Phragmites leads to an overall decrease in plant diversity (Meyerson et 
al. 2000). Rapid spreading rates of Phragmites have been as high as 9.59 ha yr-1 in Delaware and 
5.37 ha yr-1 in New York (Lathrop et al. 2003).   Accumulation of dead Phragmites above-ground 
biomass forms a mat along the ground surface.  This mat, blocks light which inhibits other plants 
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from growing (Hellings and Gallagher, 1992).   Typically taller than the vegetation it is invading, 
Phragmites is able to become the superior competitor for light (Sabine and Edwards, 1999). Tall 
clonal grasses such as Phragmites can out compete surrounding vegetation (de Kroon and 
Bobbink, 1997).  Keller (2000) found the species richness (R) (number of species) of Phragmites 
stands (R = 1) to be significantly lower than Typha (R = 3), Lythrum (R = 5.2), and Typha-
Lythrum marshes (R = 8.5) near Boston, Massachusetts.  In Indiana, Typha densities have 
declined in the presence of Phragmites from 39 culms/ m2 to 13 culms/ m2 (Chun and Choi, 
2009).   
 Reduction in Wildlife 
 Phragmites impede the movement of animals and large birds such as ducks and herons 
because of the nearly impenetrable barrier they form (Cross and Fleming, 1989; Capotosto and 
Wolfe, 2007).  The lack of a diverse plant community in comparison to more diverse Spartina 
marshes threatens wildlife (Roman et al. 1984).  Compared to other short grass communities in 
Connecticut, Phragmites dominated marshes showed significantly lower number of species of 
birds (Benoit and Askins, 1999).  Species such as egret, heron, sandpiper, and tern are not 
present within Phragmites stands in Connecticut, but are present within short grass communities 
(Benoit and Askins, 1999).  
Hydrologic Changes 
 Phragmites can alter the microtopography of an area because of the high accumulations 
of dead plant matter, slower decomposition rates in comparison to Spartina patens (Windham, 
2001), and 10 times more above ground biomass than surrounding shortgrass communities 
(Windham and Lathrop, 1999).  Within Phragmites communities, topographic relief is typically 
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less than 1 cm.  By comparison, shortgrass communities exhibit topographic relief of 8 cm 
(Windham and Lathrop, 1999).  These microtopographic changes can alter the hydrologic flow 
through an area (Lathrop et al. 2003) and can isolate certain tidal areas (Capotosto and Wolfe, 
2007).  Lathrop et al. (2003) found Phragmites to fill many first and second order intertidal 
creeks.   When these creeks become blocked they can negatively impact trophic transfers of 
primary and secondary production within tidal systems.  
Changes in Nutrient Cycling 
 Phragmites can act as a sink for nitrogen.  When Phragmites is removed there is at least a 
temporary decrease in nitrogen removal.  An example was some Phragmites herbicide 
application sites where up to 7 kg/ha/yr of nitrogen was released following treatment (Findlay et 
al. 2003).  The ability to immobilize higher amounts of nitrogen in comparison to Typha and 
Spartina marshes is due to the larger above-ground biomass (Meyerson et al. 1999). 
Socioeconomic Impacts 
 Opinions vary in regards to the impact of Phragmites on socioeconomic factors.  
Phragmites is considered an ugly unwanted weed to some, while others are fond of the reed 
because of its ability to be used as a raw material (Ludwig et al. 2003; Haslam, 2003).  
Phragmites can block views and access to water thereby degrading the economic value of 
properties (US Fish and Wildlife Service Gulf of Maine, 2007; Ontario Ministry of Natural 
Resources, 2011).  Based upon regression equations of current cover and spreading rates for 
Phragmites in Virginia, it is predicted that in 40 years constructed wetlands could become 100% 
covered.  To ensure these created wetlands do not become inundated with Phragmites, it is 
suggested that they be monitored for at least 10 years, which has economic consequences 
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(Havens et al. 1997).  Croplands in close proximity can be lost due to spreading Phragmites, 
leading to declines in crop yields (Ontario Ministry of Natural Resources, 2011).  
RHIZOME FUNCTIONALITY 
 Understanding the functionality of Phragmites rhizomes is important for control because 
they are the main location for energy stores (Fiala, 1976).  Both horizontal and vertical rhizomes 
supply oxygen to the roots (Graneli et al. 1992). Rhizomes also have root hairs that form a 
fibrous mat along the ground surface, and provide minerals for Phragmites growth (Haslam, 
2003).  Rhizomes and roots termed “Phragmites belowground biomass” make up 2/3 of the 
plants total biomass (Tewksbury et al. 2002).  
 In an established stand of Phragmites, the center will be comprised of well-developed 
rhizomes and dense culm growth.  Farther from the center, rhizome and culm growth become 
less dense (Kudo and Ito, 1988).  Rhizomes are not only important for the clonal expansion of 
Phragmites but also provide structural support for the plant by anchoring in the substrate up to 2 
m deep (Graneli et al. 1992; Haslam, 1972).  
 Rhizomes have the capability to store nutrients that are necessary for plant growth (Fiala, 
1976).  Total non-structural carbohydrates (TNC), water soluble carbohydrates (WSC) and 
mineral nutrients can all be stored within the rhizomes and used for growth (Graneli et al. 1992).  
Total non- structural carbohydrate storage in rhizomes is important because it allows for plants to 
overwinter (Smith, 1981; Shaver et al. 1976). 
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TOTAL NON-STRUCTURAL CARBOHYDRATES 
 Carbohydrates can be divided into two categories either structural or non-structural 
(Cook, 1966).  Structural carbohydrates are used for plant structure such as cellulose, 
hemicellulose, and lignin. Non-structural carbohydrates are mobile throughout the plant; these 
include starch, fructose, glucose, sucrose, and dextrin (Cook, 1966; Ho, 1988).   Total non- 
structural carbohydrates are the primary source of energy reserves and are considered essential 
for plant survival (Smith, 1981; Kilmes, 1999).  Spring regrowth is strongly dependent on these 
reserves (Shaver et al. 1976).  The relative amount of TNC can be used as a measure of plant 
vigor and health (Menke and Trlica, 1981).  Accumulation of TNC is attributed to the supply 
exceeding the demand for growth and thereby allowing reserves to be stored (Chapin et al. 
1990). 
TNC in Phragmites  
 Total non-structural carbohydrates are accumulated in rhizomes of Phragmites which is 
then translocated for culm growth (Smith, 1981; Klimes, 1999).  Total non-structural 
carbohydrates reserves are typically greater than what is needed for regrowth in temperate 
climates due to the possibility of frost killing newly formed shoots (Graneli et al. 1992; Haslam, 
2003).   This surplus of reserves also allows for vigorous spring growth (Klimes, 1999).  
Cummings (2007) noted that abundance in TNC reserves present during the fall would be 
sufficient to support growth for three springs. Total non-structural carbohydrate annual minimum 
and maximum concentrations vary based on geographic location.  For example in Kis-Balaton 
Hungary, Phragmites rhizome TNC, studied between May and November across five sites, 
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Table 1. Interpreted monthly TNC in concentrations of mg g-1. 
Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec References   
Lake Ferto, Hungary 240 220 200 200 100 75 215 240 300 345 310 265 Dinka and Szeglet, 1999 
Kis-Balaton, Hungary - - - - 160 75 100 250 245 150 - - Cizkova et al. 2001 
Branna, Czech Republic - - - - - 250 375 475 500 475 - - Cizkova et al. 1996 
Southern Sweden 350 380 350 350 420 300 400 450 480 400 380 350 Graneli et al. 1992 
Manitoba, Canada - - - - 320 250 320 330 350 - - - Thompson and Shay, 1985 
11 
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reached a maximum of 270 mg g-1 in August and a minimum of 54 mg g-1 in June (Cizkova et 
al. 2001) (Table 1).  Cizkova et al. (1996) showed in Branna, Czech Republic from June to 
October that TNC in rhizomes was lowest in June at 250 mg g-1 and highest in September at 500 
mg g-1 (Table 1).  Total non-structural carbohydrates also, show a minimum in June for both 
Canada and Southern Sweden (Thompson and Shay, 1985; Graneli et al. 1992) (Table 1).  It is 
unclear why TNC concentrations vary between locations, but climatic differences, genetic 
variations within stands, or other environmental factors such as pollution could explain these 
differences (Cizkova et al. 2001).  Storage values vary depending on rhizome age, but show 
similar seasonal fluctuations independent of age in both Hungary (Cizkova and Lukavska, 1999) 
and Japan (Karunaratne et al. 2004; Asaeda et al. 2006).  Asaeda et al. (2006) found TNC 
standing stocks in newly formed rhizomes are approximately 90 g/m2 which can increase to a 
maximum in 4-year old rhizomes of approximately 250 g/m2.  After peaking in 4-year old 
rhizomes, TNC is reduced till death occurs at 6-years old 
SEASONAL GROWTH OF PHRAGMITES 
 Resource allocation, growth to particular organs, and dispersal of seeds are all seasonally 
dependent in Phragmites (Haslam, 1972; Fiala, 1976) (Figure 1).  TNC seasonal patterns are  
.attributed to allocation of reserves toward culm growth (Graneli et al. 1992).  Seasonal 
physiological responses of Phragmites become important factors when implementing control 
measures.  Understanding these physiological stages of Phragmites can lead to possible “better” 
times when trying to institute a particular control strategy (Avers, 2007).  
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 Figure 1. Monthly pattern of Phragmites growth based on findings of Haslam 1972, Fiala, 1976, 
and Haslam, 2003 and TNC concentrations (line) in rhizomes based on findings of Thompson 
and Shay, 1985, Graneli et al. 1992, Cizkova et al. 1996, Dinka and Szeglet, 1999, and Cizkova 
et al. 2001. 
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Spring 
 In England and for most temperate climates, buds on below-ground, vertical rhizomes 
begin to develop culms in March and early April as rhizomes allocate reserves toward growth 
(Haslam, 1972; Fiala, 1976; Haslam, 2003) (Figure 1).  Roots display the first series of growth 
from the end of April to the beginning of May (Haslam, 1972).  April to the middle of June is the 
most important period of growth for Phragmites where up to 80% of reserves held in the 
rhizomes are allocated toward growth (Cizkova et al. 2001).  In temperate climates reserves in 
rhizomes reach a minimum by mid-June (Thompson and Shay, 1985; Graneli et al. 1992; 
Cizkova et al. 1996) (Figure 1).   
Summer  
 Culms in temperate climates formed by the end of June will flower come end of August 
into September enabling the translocation of resources back into the rhizomes (Haslam, 2003).  
From the middle of June into September carbohydrates are produced by photosynthesis within 
the leaves.  These carbohydrates are then translocated from the culms back into the rhizomes 
(Graneli et al. 1992; Cizkova et al. 1996) (Figure 1).  During the summer in England and 
Hungary, a second session of root growth has been observed (Haslam, 1972; Fiala, 1976; Graneli 
et al. 1992).  Buds for culm growth for the next growing season will begin to form belowground 
on vertical rhizomes in September (Haslam, 1972) (Figure 1).   
Fall 
 Buds on vertical rhizomes will continue to form until November for eventual spring 
regrowth (Haslam, 2003).  From September through November, leaves are shed off culms.  The 
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culm with seed head attached remains standing (Haslam, 2003) (Figure 1).  Culms begin to die in 
October and those that break off add to the accumulation of dead plant matter.  
Winter 
 From November through February, reserves accumulated during the summer are stored in 
rhizomes to enable spring regrowth (Haslam, 2003).  Total non-structural carbohydrates in 
rhizomes from October until regrowth in March experience a 15-40% decrease (Figure 1).  This 
decrease is attributed to rhizome death in the winter (Dinka and Szeglat, 1999) where mortality 
rates can be up to 30% (Graneli et al. 1992).  During winter broken culms supply oxygen to the 
rhizomes (Armstrong et al. 1992) while, culms with seed heads that remain standing allow 
dispersal by wind and birds (Haslam, 1972) (Figure 1). 
METHODS OF CONTROL 
 Cutting, burning, herbicides, biological control, and plastic covering have all been used in 
efforts to control Phragmites (Table 2).  Often these methods are used in conjunction with one 
another, e.g. herbicide application then burning (Ailstock et al. 2002).  The U.S. Fish and 
Wildlife Service (Cross and Fleming, 1989), The Nature Conservancy (Marks et al. 1994), The 
Michigan Department of Environmental Quality (Avers et al. 2007), and the Ontario Ministry of 
Natural Resources (2011) have all published guides for controlling Phragmites.  The aim of each 
control method outlined in these guides is to reduce populations or eradicate Phragmites and 
invite native plant species to re-populate these areas.  Measurements of culm densities, culm 
heights, biomass, and reserve storage of TNC have been used to assess treatment effectiveness 
(Thompason and Shay, 1985; Hellings and Gallagher, 1992; Karunaratne et al. 2004).  League 
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Table 2. Summary of studies of control methods for Phragmites australis. Key: (+) increase, (-) decrease, and (=) no change. 
Control 
Method 
 
Location 
 
Effectiveness 
 
Timing 
 
References 
Cutting Zurich, Switzerland 
 
Central Japan 
 
Arakowa River, Japan 
 
Biomass -30% 
Spreading (-) 
Culm density (=) 
Culm diameter -27% 
Rhizome biomass -30% 
 
June (7 yr) 
 
May - June 
 
June 
 
Gusewell, 2003 
 
Karunaratne et al. 2004 
 
Asaeda et al. 2006 
 
Burning Manitoba, Canada 
 
 
Culm density +275% 
Culm biomass -33% 
Culm height -10% 
 
Mid- June 
 
 
Thompson and Shay, 1985 
 
 
Herbicide New Jersey, U.S.A 
Virginia, U.S.A 
 
Portugal 
- 100%  
Non-Phrag. vegetation +35%  
 
Culm density -70% 
Glyophosate: June + 2 yr 
Imazapyr and Glyophosate: 
June + 2 yr  
Glyophosate: Spring 
Riemer, 1976 
Mozdzer et al. 2008 
 
Monteiro et al. 1999 
 
     
Plastic North Carolina, U.S.A 
 
Culm density -40% 
 
Clear plastic: April to July 
 
Boone et al. 1988 
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et al. (2007) have developed a rhizome growth potential bioassay to quantify how particular 
control methods will affect Phragmites growth. 
Cutting 
 Cutting alone as a method of control has proved to be ineffective unless repeated 
annually (Gusewell, 2003).  Cutting is thought to decrease plant densities by not allowing 
resources to translocate back into rhizomes thereby depleting reserves needed for growth (Marks 
et al. 1994).  If cutting were done on a continual basis it is thought that reserves would become 
so depleted that regrowth would not be able to occur.  Cutting during certain months have shown 
different results; early spring or late summer cuts have shown an increase in plant density 
(Gusewell, 2003).  Late spring to early summer cuts show a decrease in plant biomass or 
resource storage (Gusewell, 2003; Karunaratne et al. 2004; Asaeda et al. 2006) (Table 2).   
 June appears to be the optimum time to cut Phragmites in northern temperate climates 
(Gusewell, 2003; Karunaratne et al. 2004; Asaeda et al. 2006) (Table 2).  Asadea et al. (2006) 
concluded that June cutting reduced biomass and resource storage the following year, while 
Gusewell (2003) found that Phragmites biomass was reduced by 25 to 30% the following year 
when cut in June in comparison to control plots.  
 In contrast a Michigan management guide suggests cutting between September and the 
first killing frost because it eliminates Phragmites when most energy is being used for flower and 
seed production (Avers et al. 2007).  In general, several guides note that cutting is most often 
used in conjunction with other methods including herbicide applications, flooding, and plastic 
covering (Marks, et al. 1994; Avers et al. 2007). 
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Burning 
 Burning has shown similar results to cutting when attempting to control Phragmites.  
Seasonal responses to the timing of burning show spring and fall burns increase plant densities 
whereas summer burns decrease plant densities relative to spring and fall burns (Thompson and 
Shay, 1985) (Table 2).  Summer burns in Canada do not eradicate Phragmites completely; 
however, results do imply that burning in June would be most effective because TNC reserves in 
rhizomes are lowest during this time (Thompson and Shay, 1985).  Using burning solely as a 
method of control would require repeated burning, most likely during June, to inhibit regrowth 
(Thompson and Shay, 1985). Burning is effective in quickly removing above-ground biomass of 
Phragmites because it can easily ignite.  However, the highly disturbed site left behind after 
burning can lead to Phragmites reestablishing itself quickly (Ailstock et al. 2001).   
 The U.S Fish and Wildlife Service indicated in a management guide that a late summer 
burn was most effective when trying to control Phragmites (Cross and Fleming, 1989).   Another 
guide noted that Phragmites needs complete root burn to be effective and that rarely occurs 
(Marks et al. 1994).  Commonly mentioned in control guides is the use of burning after an 
herbicide application or before flooding occurs in an area to remove the above-ground biomass 
and better monitor the treatment’s effectiveness (Avers et al. 2007). 
Herbicides 
 The most effective method of Phragmites control is the application of either glyphosate 
or imazapyr formulations of herbicides (Riemer 1976, Mozdzer et al. 2008).  Glyphosate is 
typically applied during June for absorption into the leaves (Riemer, 1976; Mozdzer et al. 2008) 
(Table 2).  Imazapyr is also typically applied in June; repeated spraying for at least two years is 
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required for complete control (Mozdzer et al. 2008).  Herbicide applied to the plant is absorbed 
into the leaves and culm.  Once absorbed and translocated into the rhizomes, plant death occurs.  
One application of herbicide is not able to completely eradicate a stand (Alistock et al. 2001; 
Monterio et al. 1999).  Reimer (1976) achieved a 100% control after spraying the second 
growing season in New Jersey (Table 2).  To achieve complete eradication spot sprays are 
suggested for the second and third growing seasons (Ailstock, 2001).  Typically, herbicide usage 
is combined with either cutting or burning.  Ailstock et al. (2001) noted that herbicide 
application and burning significantly reduced plant densities during the following growing 
season; however, after monitoring the stand with no repeated spraying or burning, Phragmites 
showed steady increases in density for four years following application. In a greenhouse study, 
one application of glyphosate used in combination with mowing was able to reduce plant 
densities by 90% (Derr, 2008).  Monterio et al. (1999) showed decreased plant densities of up to 
80% after one herbicide application followed with cutting; however, complete eradication was 
not achieved.   
 Any spraying of herbicide into the environment can have negative impacts.  Amphibians 
have experienced mortality rates of 96 - 100% larval populations and 68 - 86% of juveniles when 
exposed to glyphosate (Relyea, 2005).  Impzapyr may inhibit native plant species from 
colonizing an area because it takes up to seven months for the herbicide to become microbial 
degraded (Tu et al. 2001).  Impzapyr has been found to contaminate both surface and ground 
water (Cox, 1996).   
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Biological 
 The lack of native species that feed on Phragmites in the United States has contributed to 
their recent population increase (Tewksbury et al. 2002).  With no established native population 
of herbivores for control, introductions would be necessary. The benefits and risks of new 
biological controls would need further study (Tewksbury et al. 2002).  Successful biological 
control programs may take years or possibly even decades to materialize (Blossey, 2003).  
Biological control does not aim to eradicate plant populations, but rather to reduce their 
populations to an acceptable level (Blossey, 2003).  Some insects cause Phragmites culm 
mortality, but then result in an increased plant vigor (Tscharntke, 1999).  Insects such as 
Rhizedra iutosa in North America is a recent arrival from Europe.  Prospects for introduction of 
a greater number of R.iutosa have been evaluated, but there is concern over an outbreak in their 
population which could lead to them eliminating the already depleted native Phragmites 
populations (Casagrande et al. 2003).    Some insects, termed secondary attackers, require 
already incurred shoot damage to have an effect on Phragmites.  The need for primary attackers 
which do not need shoot damage is essential for the control of Phragmites, but few species 
currently have been discovered (Tscharntke, 1999).  With the long monitoring periods needed 
(Tewksbury et al. 2002) and lack of complete eradication (Blossey, 2003), biological control 
may require many years to be effective.  Complications of introduced biological populations 
specifically feeding on only invasive Phragmites genotypes and not those that are native is also 
of concern to managers. 
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Plastic Covering 
 Plastic covering, also called soil solarization or tarpping (Tu et al. 1999), has been used 
as a method of control for various invasive plant species such as perennial pepperweed 
(Hutchinson and Viers, 2011), and canary grass (Apfelbaum and Sams, 1993).  Guides for the 
management of Phragmites often mention the option of plastic covering (clear or black) (Marks 
et al. 1994; Norris et al. 2002; Ontario Ministry on Natural Resources, 2011), but there have been 
no studies of plastic treatments to control Phragmites in the referred literature. 
Clear Plastic 
 Clear plastic allows 85 - 95% of visible light to penetrate which raises soil temperatures 
greater than black plastic (Elmore, 1990).  Boone et al. (1987) applied clear plastic over cut 
Phragmites and observed soil temperature as high as 77° C on a day when the air temperature 
reached 37° C.  Results indicated in this technical report that three of the four plastic covered 
plots had a reduction in culm density up to 40% compared to controls (p < 0.05).  They 
suggested leaving the plastic in place for a minimum of 70 days (Table 2).  Significant 
degradation of the plastic resulted in plants growing back in plots before it was removed (Boone 
et al. 1987). 
Black Plastic 
 Black plastic excludes visible light and therefore prevents photosynthesis (Elmore, 1990).  
Marks et al. (1994) briefly mentions in a Nature Conservancy report that black plastic put in 
place from summer to the following spring for control of Phragmites resulted in a 90% 
eradication in New York (Table 2).  Black plastic appeared to be more effective than clear plastic 
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applied at same time (Marks et al. 1994).  Boone et al. (1987) also recommended the use of black 
plastic to control Phragmites after attempting treatment with clear plastic.   
 Hutchinson and Viers (2011) evaluated the effectiveness of controlling perennial 
pepperweed using black plastic in comparison to herbicide treatments. Plots were established as 
control, mow-herbicide, mow-tarp, or mow-till-tarp.  Results suggested there was no significant 
difference between control plots and mow-tarp plots. A reduction in stem densities of 94% for 
the mow-till-tarp treatments showed similar efficacy as the mow- herbicide plots.  Landfill grade 
black tarps were used for treatments and remained in place for two growing seasons (Hutchinson 
and Viers, 2011).         
Negative Implications of Plastic Covering 
 Controlling invasive species with plastic covering can be challenging and implementation 
of the method must be done adequately.  Rubin and Benjamin (1984) found perennial species 
with rhizomes that penetrate deeply and have belowground energy stores (e.g. Phragmites) are 
difficult to control using plastic.  Plastic coverings also must be secured to the ground to ensure 
wind does not blow it out of the treatment area (Hutchison and Viers, 2011). 
 A Phragmites management guide published by the Ontario Ministry of Natural Resources 
(2011) termed plastic covering as non-selective.  It would affect target and non-target plants.  A 
Nature Conservancy weed control guide mentions that black plastic can change a soil’s 
biological, physical, and chemical makeup lasting for up to two years (Tu et al. 1999).    
Furthermore, applying plastic to large areas is difficult to implement.  In a technical report, 
Boone et al (1987) had to airlift plastic into wetlands where transport by ground was impossible.  
Plastic can also be punctured by the sharp culms that remain after mowing/ cutting of 
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Phragmites.  Boone et al. (1987), in the same technical report noted that repeated plastic 
applications are necessary due to degradation. 
CONCLUSIONS 
 Phragmites physiological responses to several control methods have been well studied 
including herbicide application, cutting, and burning.  Numerous control methods have been 
utilized to curb Phragmites invasion in wetlands across North America.  Control efficacies 
indicate that there is not a viable non-herbicide method that can be put in place by a small scale 
private land owner.  Plastic covering is a commonly suggested alternative to herbicide 
application in many Phragmites control guides; however, there is a lack of quantitative 
information on the effects of black plastic on Phragmites growth.  Surprisingly, TNC 
concentrations in the United States for Phragmites rhizomes have not been reported.  No current 
information exists on the effectiveness of plastic treatments applied at different times and 
disagreement remains on when it is best to cut Phragmites.   
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RESPONSE OF PHRAGMITES AUSTRALIS TO BLACK PLASTIC TREATMENT 
ABSTRACT  
 Physiological responses of Phragmites australis (Phragmites) to the covering of black 
plastic were studied from 2011 to 2013 in Schoolhouse Brook Park, Mansfield, Connecticut.  
Nine 6 x 6 m plots were randomly established as either control, early-mid season covered, or late 
season covered within a monotypic Phragmites stand.  Black plastic was applied from March to 
July 2011 and again from June to September 2012 (early-mid season).  Another treatment was in 
place from September to November 2011 (late season).  Rhizomes were sampled for their 
concentration of total non-structural carbohydrates (TNC) within each plot.  Monthly rhizome 
samples were taken from a control plot from June 2012 to March 2013 to examine seasonal 
variation.  June exhibited the lowest concentration of TNC at 68 mg g-1 dry weight and 
September the highest concentration of TNC at 285 mg g-1 dry weight.  No significant difference 
in TNC was observed among treatments until March 2013 where both the early-mid season and 
late season treatments showed a reduction in TNC compared to the control.  We suggest cutting 
Phragmites and covering with black plastic need repeated applications the following year to 
improve control and would recommend cutting in June as it is the time of most depleted rhizome 
TNC storage. 
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RESPONSE OF PHRAGMITES AUSTRALIS TO BLACK PLASTIC TREATMENT 
 
Introduction 
 Phragmites australis (Trin ex Steud.) (hereby referred to as Phragmites) has been present 
in Connecticut for approximately 3500 years (Orson et al. 1987).  Over the past 150 years new 
more aggressive genotypes have led to the virtual disappearance of native types in southern New 
England (Saltonstall, 2002).  Rapid expansion in Delaware had led to 30,000 of the 90,000 total 
tidal wetland acres being inundated by Phragmites (Hellings and Gallagher, 1992).  Phragmites 
exclusion of native plant populations (Meyerson et al. 2000), reduction in bird species 
populations (Benoit and Askins, 1999) and socioeconomic impacts (Ontario Ministry of Natural 
Resources, 2011) are of major concern to environmental managers across the United States. 
 Management guides and bulletins about Phragmites control have been published by 
numerous organizations across North America including the U.S. Fish and Wildlife Service 
(Cross and Fleming, 1989), The Nature Conservancy (Marks et al. 1994), and the Ontario 
Ministry of Natural Resources (2011).  These guides provide background information about 
Phragmites and outline methods of control, their effectiveness and timing of treatments.  These 
guides inform us that there is enormous public concern about Phragmites.  Herbicide application 
has been found to be the most effective method of control; however, multiple applications are 
needed (Monterio et al. 1999; Ailstock et al. 2001) and certain herbicides used for controlling 
Phragmites have shown lethal impacts to amphibians (Relyea, 2005).  Flooding and burning has 
shown mixed results in controlling Phragmites.  Often the feasibility of implementing these 
methods is limited (Thompson and Shay, 1985; Marks et al. 1994).  Cutting alone has not been 
effective for complete control of Phragmites; however, in a study in Switzerland repeated cutting 
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performed in early summer on an annual basis for multiple years has been successful in 
preventing the spread of Phragmites (Gusewell, 2003).  Biological control of Phragmites has not 
been studied to a large extent, possibly due to the long term monitoring needed following 
introduction of a foreign species to the environment (Tewksbury et al. 2002; Blossey, 2003).  
Controlling Phragmites using methods other than herbicides can be challenging and alternative 
options are limited.  Often mentioned in management guides is the use of plastic covering to cut 
Phragmites; however, little quantitative research has been done on this method (Marks et al. 
1994; Ontario Ministry of Natural Resources, 2011).  Black plastic coverage would be a viable 
option for small-scale private land owners because it could quickly be implemented and would 
require no permitting or licenses. 
 Boone et al. (1987) covered cut Phragmites with clear plastic for 70 days in North 
Carolina.  Results showed decreased plant densities in only some of the covered plots in this 
technical report.  Boone et al. (1987) suggested the use of black plastic to block sunlight to the 
ground surface for a minimum of 70 days.  However, black plastic effectiveness has not been 
well studied.  Marks et al. (1994) mentions in a Nature Conservancy Guide a reduction of 
Phragmites culm density by 90% after coverage with black plastic for almost a year.  Black 
plastic covered cut Phragmites from March to May 2006 in a constructed wetland in Connecticut 
and was found to be successful in eliminating Phragmites after manually removing the culms that 
grew back after removal (J. Clausen, personal communication, 2013) 
 Total non-structural carbohydrates (TNC) are Phragmites main energy reserves used for 
initial spring growth (Fiala, 1976; Smith, 1981).   It has been found in Phragmites that TNC 
concentrations exhibit seasonal fluctuations within the rhizomes (Graneli et al. 1983; Graneli et 
al. 1992).  During the spring TNC is translocated toward culm growth (Cizkova et al. 2001), 
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while by June reserves are almost depleted (Graneli et al. 1992; Cizkova et al. 1996; Thompson 
and Shay, 1985).  During July to the end of the growing season, reserves are translocated back 
into the rhizomes for eventual overwintering and spring regrowth the following year (Cizkova et 
al. 1996). 
 The objective of this study was to assess the effect of cutting and covering Phragmites 
with black plastic on TNC, culm height, and culm density.   
Methods 
Study Site and Experimental Design 
 Experimental plots were located within a 6.5 ha palustrine emergent wetland at 
Schoolhouse Brook Park, Mansfield, Connecticut.  The soils consist of Cateden and Freetown 
muck (mesic, Typic Haplosaprists) which are up to 1 m deep, very poorly drained organic soils 
formed in herbaceous highly decomposed organic materials in depressions on lake plains and 
flood plains (NRCS, 2013).  Water levels fluctuated from 10.6 cm below the ground surface to 
31.3 cm above the ground surface at plot locations.  Phragmites exists as a monotypic stand 
within the wetland.  Lateral expansion increased by 68% from 2004 to 2008 in Schoolhouse 
Brook Park (1.24 ha to 2.07 ha) based on analysis of aerial images (J. Hurd, personal 
communication, 2010).   
 Nine 6 m x 6 m experimental plots including three replications of control, early-mid 
season, or late season cover treatments were established in a completely randomized designed 
(Figure 1).  Between each plot 3 m buffer zones were created to separate treatment effects.  
Controls were left uncut whereas the early-mid season cover treatment occurred from March 30,  
  
Figure 1. Plot locations (numbered)
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2011 to July 15, 2011 (107 d) and again from June 6, 2012 to September 16, 2012 (99 d).  The 
late season treatment was in place from September 12, 2011 to November 28, 2011 (70 days).  
Phragmites were cut within the plots using a gas powered brush cutter.  Cuttings were made at 
the ground or water surface and left in place within the plot.  Treated plots then were covered 
using six mil black plastic which was held in place by boards and rocks (Figure 2). 
Field Measurements 
 Plots were sampled on seven occasions coinciding with the timing of treatments (Table 
1).  Pre-treatment samples for all plots were collected in March 2011.  For each sampling 
occasion, culm density and culm height was measured from three randomly selected 0.25 m2 
quadrants per plot.  Culms were measured from the ground surface to the apex of the plant.  
Rhizomes were sampled from each quadrant with a shovel and placed in plastic storage bags. 
Rhizomes also were sampled monthly within control plot 1 (Figure 1) from May 2012 to March 
2013.  Depth to substrate was measured before beginning the study for each corner of every plot.  
Laboratory methods 
 Rhizomes were washed and dried at 100°C for 1 hr followed by 70°C for 48 hrs (Smith et 
al. 1964) and ground using a Wiley grinding mill with a 40 mesh screen size.  Ground samples of 
100 mg were used for extraction of TNC following methods described by Smith et al. (1964) and 
measured using the phenol-sulfuric acid colorimetric method described by Dubois et al. (1956).  
TNC concentrations are reported as mg g-1 of dry weight.  Absorbance was measured at 487 nm 
and compared to a least squares fit of glucose standards over the range of determination (Dubois 
et al. 1956).  
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Figure 2. Black plastic covering on Plot #8 (late season treatment). 
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Statistical Analysis 
 Kriging of initial TNC and depth to substrate was plotted using distances between 
sampling points within the plot layout (Golden Software, 2002).  Plot values of TNC, culm 
density, and height were obtained as means of sub-samples from the three 0.25 m2 quadrants.  
The Shapiro-Wilk statistic was used to determine if data were normally distributed. Both TNC 
and culm density data were log transformed prior to analysis, as the data was found to be log-
normally distributed.  TNC and culm density data were then anti-logged to obtain geometric 
means.  Culm height data were not log transformed.  Treatment effects were analyzed by using 
one-way analysis of variance (ANOVA).  Analysis of Covariance was used to determine if initial 
Phragmites TNC or depth to substrate were possible covariates (SAS Institute Inc., 2012).  
Means comparisons were performed using Tukey-Kramer HSD at alpha level 0.05.  
Results and Discussion 
Seasonal TNC 
 There appeared to be a marked seasonal pattern in rhizome TNC concentrations with the 
lowest occurring in early summer and the peak in early fall (Figure 3).  Rhizome TNC seasonal 
fluctuations exhibited in this study were similar to those reported elsewhere for temperate 
climates (Graneli et al. 1992; Dinka and Szeglet, 1999; Cizkova et al. 2001); however, 
Phragmites TNC seasonal fluctuations for the northeastern United States were previously not 
available.  Most studies report minimum TNC values in June including in Canada (Thompson 
and Shay, 1985), Hungary (Graneli et al. 1992), and the Czech Republic (Cizkova et al. 2001).  
Cizkova et al. (2001) reported similar minimum concentrations of TNC ranging from  
 Figure 3. TNC concentrations of Phragmites rhizomes for sub
control plot # 1 from May 2012 through
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54 to 87 mg g-1 in June and maximum TNC concentrations ranging from 160 to 270 mg g-1 in 
September.  Total non-structural carbohydrate reserves in rhizomes have been shown to decrease 
by up to 40% overwinter in Hungary (Dinka and Szeglat, 1999).  We observed a similar decrease 
in TNC concentrations from October to February of 30% (Figure 3). 
 Seasonal fluctuations of TNC can be used to determine the best time to treat Phragmites.  
Asaeda et al. (2006) and Gusewell (2003) indicated that June would be the optimum time to cut 
Phragmites because of the depletion of TNC in the rhizomes at that time.  It is thought that 
repeated cuttings in June would deplete reserves to the point where spring growth would not be 
able to occur.  Thompson and Shay (1985) recommend burning during June because of the 
depletion of TNC in the rhizomes.  Control guides have suggested cutting between September 
and the first frost (Avers et al. 2006) or eliminating Phragmites above-ground biomass in late 
summer by burning (Cross and Fleming, 1989).  In our study, late summer shows a marked 
height in TNC reserves within the rhizomes; so it would appear June would be an ideal treatment 
time. 
Pre-treatment conditions 
 In my study, initial culm density, height, and TNC (Table 1) were not significantly 
different among treatment types prior to the application of plastic.  However, kriged initial TNC 
concentrations in rhizomes indicated higher concentrations in the center of the stand (Figure 4). 
Two of the three early-mid season treatment plots were located in the center of our study site 
(Figure 1). Phragmites is known to expand outward from a central point (Kudo and Ito, 1988).  
These greater TNC concentrations in the center of the stand could be an indication of rhizome 
age.  Rhizomes live for about six years, and those that are four years old accumulate the greatest
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 Table 1: Geometric means of TNC concentrations in Phragmites rhizomes by treatment and 
date. 
              Date Treatment               TNC (mg g-1) 
 
    Control 
Early-mid 
season 
Late 
season 
 March 30, 2011 Pretreatment / Early-mid applied 263a 357a 245a 
 July 15, 2011 Early-mid season removed 134a 122a 117a 
 September 19, 2011 Late season applied         -  -     - 
 November 28, 2011 Late season removed 238a 185a 190a 
 May 17, 2012 Early-mid reapplied June 6th  153a 147a 145a 
 September 6, 2012 Early-mid season removed 244a 143a 238a 
 March 6, 2013                   - 214a 134b 160b 
 
 Means followed by the same letter for the same date and category are not significantly  
 different at p = 0.05. 
 
 
 
 
 
 Figure 4. Pre-treatment contours of
by points) for March 30, 2011.  
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concentration of TNC reserves (Asaeda et al. 2006).  However, we did not attempt to age the 
rhizomes and initial culm height provided no indication of age.  Depth to substrate for the early-
mid season treatment plots was significantly (F2,6= 6.168, p= 0.035) greater than for the control 
plots prior to treatments being applied.  A contour map of depth to substrate shows the greatest 
depth in the center of the study area (Figure 1).  Greater depth might be associated with a 
depression that existed at this site prior to filling with organic matter.  Since depth and initial 
TNC were not uniform across plots, covariance analysis was performed, but neither covariate 
was found to have a significant effect (Depth= F2,6 = 0.330, p = 0.805; TNC= F2,6 = 0.540, p = 
0.675).   
Treatment Effects 
TNC 
 Total non-structural carbohydrates were not significantly different among treatments until 
March 2013 where both the early-mid and late season treatments had significantly (F2,6 = 33.020, 
P= 0.001) lower rhizome TNC than the control (Table 1) (Figure 5).  The early-mid season 
treatment had no culm growth for the remainder of 2012 following removal of plastic in 
September.  The lack of culm growth also did not allow rhizomes to accumulate TNC reserves 
because photosynthesis was not able to occur.  Early-mid season treatments maintained similar 
TNC concentrations from May 2012 through March 2013 (Figure 5).  We observed in the late 
season treatment plots the absence of prior cut dead plant material following removal of the 
black plastic.  Perhaps this absence was an indication of increased plant decomposition below the 
plastic.  By increasing temperatures beneath the plastic covering (Boone et al. 1987), an  
 
  
 Figure 5. Mean ± SE TNC concentrations in Phragmites rhizomes, by date and treatment.
bars indicate period of plastic cover
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expedited decomposition of plant matter could have led to rhizome mortality.  But, further study 
would be needed to substantiate this hypothesis. 
Culm Density  
 Measuring culm densities was difficult, except during the growing season, because live 
and dead culms could not be distinguished.  Surprisingly, by May 2012 (following both the 
early-mid season and late season treatments) there were no significant differences (F2,6= 3.294, 
P= 0.108)  in culm density among treatments (control:  = 47 culms/ m2, SE = 17) ; early-mid 
season:  = 45 culms/ m2, SE = 1; late season:   = 84 culms/ m2, SE = 10). In September 2012 
following the early-mid season treatment removal there was no culm growth present within those 
treatment plots; however, late season treatment ( = 119 culms/ m2, SE = 18) showed no 
significant difference (F1,4= 3.2026, P= 0.148) in culm density from the control ( = 60 culms/ 
m2, SE = 26).  Culm densities for our late season and early-mid season treatment had a lower 
standard error than our control plots; higher variability in culm densities within the controls 
could have contributed to the lack of significant difference in 2012. 
 Graneli (1989) found when removing dead Phragmites culms from stands that live 
aboveground biomass doubled the following year (from 500 to 1000 g DW m-2).  This increase 
in biomass was due to a rise in culm densities which was attributed to light being better able to 
reach the ground surface. We observed in our late season treatment plots the absence of dead 
plant matter which may have increased light to the ground surface.   
Culm Height 
 Culm heights were obviously dependent upon season.  The only time height may be an 
appropriate measure is when Phragmites are at their maximum height from August into 
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September.  In September 2012 there was no significant difference in culm heights (F1,4= 0.391, 
P= 0.566) between the control ( = 275 cm) and late season ( = 241 cm) treatments.  Thus, 
treatments had no effect on culm height when culms grew back in plots.   
Conclusions 
 Controlling Phragmites by cutting and covering with black plastic was effective in 
reducing rhizome TNC storage.  Total non-structural carbohydrates were reduced in comparison 
to the control for the early-mid season and late season treatments.  Interestingly, results indicate 
that after a year of showing no effects, the late season treatment may have some effect on 
controlling Phragmites.  Reasons for the depletion in TNC for the late season treatment in 
comparison to the controls in March 2013 remain unclear.  The first early-mid season treatment 
(March to July) showed no effect on controlling Phragmites but the second treatment (June to 
September) did.  The early-mid season treatment was in place for a combined total of 206 days, 
whereas our late season treatments had only one cut and was in place 70 days.  Although the 6 
mil black plastic deteriorated in the early-mid season plots during its first application, it 
remained in good condition for the second early-mid season cover and late season treatments.  If 
treatments were to be left in place for longer than 100 days, a thicker mil plastic would be 
suggested.  Controlling Phragmites with cutting and black plastic could be easily implemented 
by a small-scale private land owner.  Both treatments did reduce TNC in rhizomes indicating that 
they might be effective for control.  Repeated cutting and covering the following season may be 
necessary for improved control; based upon monthly TNC concentrations it would be advisable 
to cut and cover during June.        
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Date Plot # Treatment 
Culm Density per 
0.25m2 Height #1 (m) Height #2 (m) Height #3 (m) TNC (mg g-1) 
03/30/11 1 Control 29 3.66 3.96 4.04 310 
03/30/11 1 Control 36 3.66 4.04 3.81 331 
03/30/11 1 Control 23 3.20 3.89 3.43 284 
03/30/11 2 Control 21 3.35 3.05 2.82 300 
03/30/11 2 Control 28 3.66 3.05 2.90 280 
03/30/11 2 Control 26 3.35 3.66 2.90 300 
03/30/11 3 Late season 26 3.66 3.05 2.44 253 
03/30/11 3 Late season 33 4.11 3.66 3.66 274 
03/30/11 3 Late season 32 3.66 3.66 3.81 319 
03/30/11 4 E-M season 34 3.96 3.05 3.81 298 
03/30/11 4 E-M season 26 4.27 3.96 4.11 375 
03/30/11 4 E-M season 12 3.96 3.66 3.66 390 
03/30/11 5 E-M season 37 3.96 3.96 3.96 418 
03/30/11 5 E-M season 27 3.35 3.35 3.20 424 
03/30/11 5 E-M season 33 3.96 3.66 3.81 308 
03/30/11 6 Control 20 2.59 2.44 3.12 208 
03/30/11 6 Control 31 2.74 2.44 2.44 189 
03/30/11 6 Control 17 2.44 2.90 2.59 206 
03/30/11 7 Late season 33 3.05 3.05 3.05 255 
03/30/11 7 Late season 29 2.44 3.05 3.05 177 
03/30/11 7 Late season 39 3.66 3.05 3.05 178 
03/30/11 8 Late season 27 3.35 3.05 3.35 249 
03/30/11 8 Late season 33 3.35 3.35 3.35 302 
03/30/11 8 Late season 19 3.05 2.74 2.90 221 
03/30/11 9 E-M season 34 3.96 3.96 3.81 410 
03/30/11 9 E-M season 22 3.35 3.66 2.74 304 
03/30/11 9 E-M season 28 3.05 3.05 2.74 293 
07/15/11 1 Control 8 3.66 3.73 3.51 143 
07/15/11 1 Control 6 2.13 2.21 2.13 102 
07/15/11 1 Control 9 3.05 3.35 2.97 109 
07/15/11 2 Control 8 1.98 2.59 2.21 179 
07/15/11 2 Control 9 3.05 2.59 2.74 141 
07/15/11 2 Control 11 2.13 2.44 2.90 226 
07/15/11 3 Late season 12 3.12 3.12 3.35 115 
07/15/11 3 Late season 9 3.73 3.05 3.66 155 
07/15/11 3 Late season 11 2.67 1.91 3.35 121 
07/15/11 4 E-M season 2 0.98 0.30 106 
07/15/11 4 E-M season 9 1.31 1.19 0.73 118 
07/15/11 4 E-M season 4 0.58 1.40 1.13 91 
07/15/11 5 E-M season 5 1.43 1.16 0.61 114 
07/15/11 5 E-M season 1 0.25 121 
Appendix A: Schoolhouse Brook Park Mansfield, Connecticut, Phragmites: Culm Density, Height and TNC 
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Date Plot # Treatment 
Culm Density per 
0.25m2 Height #1 (m) Height #2 (m) Height #3 (m) TNC (mg g-1) 
 
07/15/11 5 E-M season 
 
1 0.12 176 
07/15/11 6 Control 4 4.27 4.04 3.05 119 
07/15/11 6 Control 6 4.11 3.51 4.19 104 
07/15/11 6 Control 7 4.11 4.04 3.89 112 
07/15/11 7 Late season 4 2.97 3.81 3.12 135 
07/15/11 7 Late season 5 3.58 2.67 2.67 124 
07/15/11 7 Late season 7 3.58 3.51 3.05 127 
07/15/11 8 Late season 3 2.67 3.28 3.20 101 
07/15/11 8 Late season 8 3.20 2.44 1.91 115 
07/15/11 8 Late season 4 3.81 3.51 3.58 108 
07/15/11 9 E-M season 6 0.82 0.79 0.20 116 
07/15/11 9 E-M season 6 0.82 0.61 0.73 106 
07/15/11 9 E-M season 1 0.49     111 
09/19/11 1 Control 2 3.43 2.59 
09/19/11 1 Control 3 2.29 2.29 3.12 
09/19/11 1 Control 3 3.43 1.83 2.29 
09/19/11 2 Control 2 3.35 2.74 
09/19/11 2 Control 3 3.43 3.20 3.96 
09/19/11 2 Control 4 2.44 2.59 2.44 
09/19/11 3 Late season 4 3.35 2.74 3.51 
09/19/11 3 Late season 3 2.59 2.51 2.29 
09/19/11 3 Late season 2 1.83 3.96 
09/19/11 4 E-M season 2 2.19 1.89 
09/19/11 4 E-M season 3 2.47 2.44 2.50 
09/19/11 4 E-M season 3 0.91 0.91 0.91 
09/19/11 5 E-M season 0 
09/19/11 5 E-M season 0 
09/19/11 5 E-M season 0 
09/19/11 6 Control 3 2.59 3.96 2.40 
09/19/11 6 Control 1 4.27 0.00 
09/19/11 6 Control 2 3.66 2.44 
09/19/11 7 Late season 2 2.90 3.81 
09/19/11 7 Late season 4 3.35 2.90 3.28 
09/19/11 7 Late season 5 2.90 3.20 3.51 
09/19/11 8 Late season 11 3.66 3.51 3.66 
09/19/11 8 Late season 6 2.59 3.66 3.35 
09/19/11 8 Late season 1 3.66 
09/19/11 9 E-M season 0 
09/19/11 9 E-M season 0 
09/19/11 9 E-M season 0 
11/28/11 1 Control 8 3.96 3.96 3.35 249 
Appendix A: Schoolhouse Brook Park Mansfield, Connecticut, Phragmites: Culm Density, Height and TNC (continued) 
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Date Plot # Treatment 
Culm Density per 
0.25m2 Height #1 (m) Height #2 (m) Height #3 (m) TNC (mg g-1) 
11/28/11 1 Control 
 
2 3.66 2.59 0.00 240 
11/28/11 1 Control 9 2.74 2.59 2.44 195 
11/28/11 2 Control 10 2.13 1.98 1.52 248 
11/28/11 2 Control 5 2.74 2.13 2.36 262 
11/28/11 2 Control 3 3.35 2.44 1.98 361 
11/28/11 3 Late season 0 183 
11/28/11 3 Late season 0 195 
11/28/11 3 Late season 0 129 
11/28/11 4 E-M season 0 201 
11/28/11 4 E-M season 0 148 
11/28/11 4 E-M season 0 207 
11/28/11 5 E-M season 0 138 
11/28/11 5 E-M season 0 148 
11/28/11 5 E-M season 0 198 
11/28/11 6 Control 3 3.96 2.44 2.82 216 
11/28/11 6 Control 3 2.74 3.81 2.44 170 
11/28/11 6 Control 6 3.05 4.27 3.20 225 
11/28/11 7 Late season 0 197 
11/28/11 7 Late season 0 200 
11/28/11 7 Late season 0 118 
11/28/11 8 Late season 0 171 
11/28/11 8 Late season 0 265 
11/28/11 8 Late season 0 274 
11/28/11 9 E-M season 0 143 
11/28/11 9 E-M season 0 288 
11/28/11 9 E-M season 0 213 
05/17/12 1 Control 3 1.22 1.07 0.30 159 
05/17/12 1 Control 4 1.52 1.37 1.07 192 
05/17/12 1 Control 2 1.07 1.07 135 
05/17/12 2 Control 2 0.61 0.61 143 
05/17/12 2 Control 2 0.76 0.61 232 
05/17/12 2 Control 1 1.22 232 
05/17/12 3 Late season 5 1.07 1.07 1.37 135 
05/17/12 3 Late season 6 1.22 1.07 145 
05/17/12 3 Late season 2 1.07 0.91 108 
05/17/12 4 E-M season 2 0.46 0.76 96 
05/17/12 4 E-M season 2 0.76 0.38 188 
05/17/12 4 E-M season 5 0.61 0.38 0.61 123 
05/17/12 5 E-M season 4 0.46 0.46 0.61 170 
05/17/12 5 E-M season 3 0.61 0.61 0.30 124 
05/17/12 5 E-M season 1 0.46 118 
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Date Plot # Treatment 
Culm Density per 
0.25m2 Height #1 (m) Height #2 (m) Height #3 (m) TNC (mg g-1) 
05/17/12 6 Control 
 
3 2.13 1.68 1.52 114 
05/17/12 6 Control 5 2.44 2.44 2.29 108 
05/17/12 6 Control 7 2.13 2.13 1.98 104 
05/17/12 7 Late season 6 0.84 1.83 0.30 180 
05/17/12 7 Late season 6 1.52 0.91 0.91 118 
05/17/12 7 Late season 7 1.52 1.07 0.91 136 
05/17/12 8 Late season 3 1.45 1.30 1.52 168 
05/17/12 8 Late season 9 0.76 1.52 0.46 172 
05/17/12 8 Late season 4 1.22 1.30 1.30 171 
05/17/12 9 E-M season 1 0.91 191 
05/17/12 9 E-M season 3 0.46 1.22 1.37 157 
05/17/12 9 E-M season 4 1.14 1.07 0.91 148 
09/06/12 1 Control 4 2.13 2.51 3.20 268 
09/06/12 1 Control 1 0.61 278 
09/06/12 1 Control 1 3.05 310 
09/06/12 2 Control 1 3.05 245 
09/06/12 2 Control 6 1.52 2.44 3.20 349 
09/06/12 2 Control 13 1.68 1.98 2.21 135 
09/06/12 3 Late season 10 2.74 2.44 1.98 87 
09/06/12 3 Late season 11 1.52 2.44 2.44 136 
09/06/12 3 Late season 2 2.44 2.44 269 
09/06/12 4 E-M season 0 
   
85 
09/06/12 4 E-M season 0 
   
131 
09/06/12 4 E-M season 0 
   
192 
09/06/12 5 E-M season 0 
   
129 
09/06/12 5 E-M season 0 
   
38 
09/06/12 5 E-M season 0 
   
237 
09/06/12 6 Control 2 3.81 3.96 
 
169 
09/06/12 6 Control 6 3.96 3.66 3.35 111 
09/06/12 6 Control 4 3.35 3.51 3.81 346 
09/06/12 7 Late season 4 3.51 2.59 1.98 269 
09/06/12 7 Late season 9 2.90 2.90 2.90 303 
09/06/12 7 Late season 4 2.90 2.90 2.90 225 
09/06/12 8 Late season 9 2.36 1.68 1.75 247 
09/06/12 8 Late season 11 2.13 1.91 1.83 376 
09/06/12 8 Late season 8 0.91 3.05 3.05 310 
09/06/12 9 E-M season 0 116 
09/06/12 9 E-M season 0 215 
09/06/12 9 E-M season 0 141 
03/06/13 1 Control 0       315 
03/06/13 1 Control 0 152 
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Date Plot # Treatment 
Culm Density per 
0.25m2 Height #1 (m) Height #2 (m) Height #3 (m) TNC (mg g-1) 
03/06/13 1 Control 
 
0 262 
03/06/13 2 Control 0 199 
03/06/13 2 Control 0 208 
03/06/13 2 Control 0 183 
03/06/13 3 Late season 0 164 
03/06/13 3 Late season 0 169 
03/06/13 3 Late season 0 143 
03/06/13 4 E-M season 0 121 
03/06/13 4 E-M season 0 94 
03/06/13 4 E-M season 0 174 
03/06/13 5 E-M season 0 133 
03/06/13 5 E-M season 0 148 
03/06/13 5 E-M season 0 126 
03/06/13 6 Control 0 190 
03/06/13 6 Control 0 148 
03/06/13 6 Control 0 278 
03/06/13 7 Late season 0 158 
03/06/13 7 Late season 0 167 
03/06/13 7 Late season 0 176 
03/06/13 8 Late season 0 157 
03/06/13 8 Late season 0 148 
03/06/13 8 Late season 0 154 
03/06/13 9 E-M season 0 99 
03/06/13 9 E-M season 0 241 
03/06/13 9 E-M season 0 70 
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